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Description 



METHOD FOR GRADUALLY ADJUSTING 
THE VOLUME LEVEL OF A DIGITAL 
SIGNAL WITHIN A PREDEFINED TIME 
USING A VOLUME CONTROL CIRCUIT 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The invention relates to a volume control method and cir- 
cuit, and more particularly, to a volume control method 
and circuit that gradually changes the volume of a signal 
so as to reduce or eliminate associated noise. 

[0003] 2. Description of the Prior Art 

[0004] Nearly all audio devices have a volume control located on 
the user interface. The earliest method to control volume 
was to instantaneously change the current volume to the 
destination volume. This method works well for case 
where the volume difference is nominal. However, in cases 
where the difference is significant, audio noise is intro- 



duced into the volume change, namely in the form of a 
"popping" noise. 

[0005] Another method of volume control is given by USPN 

6,535,611 Lau. Instead of instantly changing the volume, 
USPN 6,535,611 Lau reaches the destination volume by 
gradually changing the current volume by a defined incre- 
mental value or "volume step" and then passing a certain 
number of samples wherein a sample corresponds to a 
certain amount of time. Assume the following for the ex- 
ample: current volume = 10, destination volume = 20, 
volume step = 2, and sample number = 5. The method 
will check if there is a volume difference present, and if 
there is, the current volume will be incremented by 2. Af- 
terwards, the method passes 5 samples. Then the process 
starts again with the method checking if a volume differ- 
ence is present. As one can see, the method takes 5 in- 
crements or volume steps and passes 25 samples to reach 
the volume destination. 

[0006] a consequence of this method is that the amount of time 
it takes to reach the final destination is dependent upon 
how large the volume difference is. A smaller volume dif- 
ference results in less samples having to be passed which 
in turn results in less time used. A larger volume differ- 



ence results in more samples having to be passed which 
in turn results in more time used. If the above example 
had a volume difference of 6, then it would take 3 incre- 
ments or 15 samples being passed to accomplish the 
change. If the above example had a volume difference of 
20, then it would take 10 increments or 50 samples being 
passed to accomplish the change. 

[0007] | n addition, the time length of one sample is different for 
each kind of source material. For example, because the 
resolution of a CD is smaller than that of a DVD, a sample 
on a CD is longer than a sample on a DVD. Consequently, 
a volume change that requires that passing of 25 samples 
would take longer for CD than a DVD. 

[0008] clearly, the methods presented by the prior art have their 
distinctive drawbacks. Instantaneous change in volume 
results in an undesirable"popping" noise while gradually 
changing the volume with a defined incremental value 
leads to variable times in reaching the final destination for 
different volume differences. 
Summary of Invention 

[0009] it is therefore a primary objective of the claimed invention 
to provide a Digital Signal Processor DSP and a related 
method for adjusting an audio signal to a destination vol- 



ume within a predetermined time period to solve the 
above-mentioned problem. 
[0010] According to the claimed invention, a DSP is disclosed. 

The DSP comprises a processing unit for processing a data 
stream, a first memory coupled to the processing unit for 
storing a destination volume value, and a second memory 
coupled to the processing unit for storing a 
time.determining value wherein the processing unit ad- 
justs the volume of the signal stored in the data stream 
according to the time.determining value such that the ad- 
justment from a current volume value of the signal to the 
destination volume value is accomplished within a prede- 
termined time. 

[° 01 1 ] It is advantageous to employ a time.determining value to 
gradually adjust the volume. By using a time.determining 
value, all volume changes, regardless of the difference of 
the volume change, will take the same amount of time to 
accomplish. Thus, the user will be able to adjust the vol- 
ume without the accompanying "popping" noise in a pre- 
dictable time frame. 

[0012] These and other objectives of the claimed invention will 
no doubt become obvious to those of ordinary skill in the 
art after reading the following detailed description of the 



preferred embodiment that is illustrated in the various 
figures and drawings. 
Brief Description of Drawings 

[0013] pig.l is a diagram of a DSP according to the present in- 
vention. 

[0014] pig. 2 is a flowchart of the operations used by the DSP ac- 
cording to the present invention. 
Detailed Description 

[0015] please refer to Fig.l. Fig. 1 is a diagram of a DSP 30 ac- 
cording to the present invention. In this preferred embod- 
iment of the present invention, the DSP 30 comprises a 
Read Only Memory (ROM) 32, a processing unit 34, a first 
memory 36, a second memory 38, and a data memory 40. 
The ROM 32 stores a program to control the flow of oper- 
ations in the processing unit 32. The processing unit 32 
executes passed instructions. The first memory 36 stores 
a destination volume value while the second memory 38 
stores a time.determining value. Finally, the data memory 
40 stores temporary variables resulting from operations 
executed by the processing unit 34. 

[0016] The DSP 30 receives a data stream from an input memory 
10. The DSP 30 then processes the data stream in a vari- 



ety of ways. The one of concern in the present invention is 
gradually adjusting the volume within a predefined time 
by the DSP 30 according to the following steps before 
outputting the stream to an output memory 20. 

[0017] please refer to Fig. 2. The flowchart in Fig. 2 assumes a 

number of things. First of all, a positive range of volume is 
assumed i.e. the volume range is 0 40 with 0 being no 
volume and 40 being the loudest volume. In the case 
where a negative volume range is used, the signs involv- 
ing the destination volume, the current volume, and the 
volume step would be opposite of the positive volume 
range (an example of a negative volume range would have 
0 being the loudest volume and some negative number 
like 40 as no volume). The flowchart assumes that all vari- 
ables have an initial value of zero. Also, the flowchart of 
the preferred embodiment of the invention employs the 
use of a variable named count not previously mentioned. 
The variable count is assigned the value of the 
time.determining variable. The variable count is also used 
as a control step in the flowchart to determine when to 
calculate the volume step. The following is a flowchart of 
the operations of the DSP 30: 

[0018] step 110:Retrieve the destination volume from the first 



memory 36 and the current volume from the data stream. 
The destination volume is determined by the user through 
an audio devices interface. For example, a stereo has a 
knob that the user turns to indicate the desired destina- 
tion volume. Store the destination volume (Vol ) and the 

dest 

current volume (Vol ) in data memory 40. 

now 

[0019] step 120:Output Vol to the output memory 40 for lis- 

now 

tening by the user. 
[0020] step 130:Check if Vol is less than 0. If Vol is greater 

dest dest 

than zero, this indicates that the volume has not reached 
the destination volume. As a result, proceed to Step 130. 
[0021] |f the Vol is less than zero, this indicates the destina- 

dest 

tion volume has been reached so return to Step 120. 

[0022] step 140:Check if the variable count is greater than 0. Re- 
member comparing the variable count is a control step. 
The first time through this method, the variable count 
should have been initialized to 0. 

[0023] if the variable count is greater than 0 that means that the 
variable count has already been assigned the value of the 
time.determining value and the volume step size has 
been determined. As a result, proceed to Step 150. 

[0024] |f the variable count is not greater than 0, this indicates 
that this is the first time through the volume adjusting 



process and that the volume step size needs to be deter- 
mined along with assigning the variable count the 
time_determining value, all of which is done in Step 180. 
In this way, having a variable count helps control the flow 
of the steps. 

[0025] step 150:Decrement the variable count by 1. By decre- 
menting the variable count, we control the amount of time 
the spent on adjusting the volume. This is due to the fact 
that the first time through the steps, the variable count is 
assigned the same value as the time.determining value in 
Step 180. Please note that the variable count does not 
necessarily have to be decremented by 1. 

[0026] step 160:Check if the variable count is equal to 0. If the 

variable count is 0, then go to Step 190. When the variable 
count is equal to zero, this means that it is safe to raise 
the current volume level directly to the destination vol- 
ume. In other words, when count is 0, only one volume 
step remains, and this last volume step will adjust the 
current volume to the destination volume. This is done 
because sometimes the volume step is not a whole num- 
ber but a repeating decimal. As a result, the current vol- 
ume can never reach the destination volume by simply 
adding this kind of volume step, so the last step raises the 



volume to the destination volume instead of using the 
volume step. 

[0027] |f the variable count is not 0, go to step 170. If the vari- 
able count is not 0, this means that more than one value 
step needs to be added to the current volume. 

[0028] Step 170:Set Vol equal to the sum of Vol and Vol 

now now step 

In this step, the current volume is gradually being ad- 
justed. Then go to Step 120. 
[0029] step 180:This step is only done once. It serves to create 
and determine the size of a volume step variable (Vol ). 

step 

First, retrieve the time.determining value from the second 
memory 36. Remember the time_determining step can be 
input by the user via a control panel on the audio device 
such as a knob on a stereo. Set Vol equal to the differ- 

step 

ence between Vol and Vol divided by the retrieved 

dest now 

time.determining value. In this way, the size of the vol- 
ume step is varied according to the size of the volume 
difference. Also, set the variable count equal to the 
time.determining value and then use the variable count 
throughout the rest of the steps to control the amount of 
time it takes to reach the volume destination. Go to Step 
150. 

[0030] step 190:The current volume is now close enough to the 



destination value that one can directly set Vol equal to 

now 

the Vol . Then to indicate that the volume change has 

dest 

been accomplished, Vol is set to 1. Go to Step 120. 

dest 

[0031] | n other words, the DSP 30 receives a data stream from 

the input memory 10. Executing the instructions provided 
by the ROM 32, the DSP 30 is able to adjust the volume in 
a gradual fashion within a predetermined time. The key 
that allows the DSP 30 to reach the destination volume 
within a predetermined time lies in the time_determining 
value stored within the second memory 40. By dividing the 
volume difference by the time.determining value, the vol- 
ume step can be made variable. That is the size of the in- 
crement (or decrement in the case where the destination 
volume is less than the current volume) changes in re- 
sponse to the size of the volume difference so that all vol- 
ume changes take the same amount of time as given by 
the time_determining value. Therefore, for a given time 
period, a larger volume difference would take larger vol- 
ume steps while a smaller volume difference would take 
smaller volume steps for the same time period. The end 
result is a volume change of 5 and a volume change of 50 
would both take the same amount of time. 

[0032] please note that the time_determining value can be user 



selectable. In addition, the time_determining value does 
not necessarily have to be in the form of time. In the pre- 
ferred embodiment, a sample number value is used as the 
time.determining value. That is the DSP 30 will reach the 
destination volume within the time it takes to pass a cer- 
tain number of samples as defined by the sample number 
value. As previously mentioned, passing a sample corre- 
sponds to a certain amount of time, so the original goal of 
accomplishing any volume change within a given time is 
still left intact by using a sample number value for the 
time.determining value. 
[0033] if one were to use a sample number value as the 

time.determining value, please bear in mind that different 
source materials have different resolutions e.g. CD and 
DVD. As a result, a sample length for a CD is not the same 
time length as a sample length for a DVD. In this case, the 
DSP 30 can employ a plurality of second memories 38 to 
enable the same volume change across different source 
materials to take the same amount of time (i.e. in order to 
make a volume change of 10 on a CD take the same 
amount of time as a volume change of 10 on a DVD). Each 
second memory 38 can store a sample number value for a 
different source material with all the stored sample num- 



bers being equivalent. For example, one second memory 
38 can store a sample number value for a CD while an- 
other second memory 38 can store a sample number 
value for a DVD, and the two stored sample number val- 
ues correspond to the same time length. 

[0034] jo p | ace things in perspective with the prior art, please 

take the following example. Assume the current volume = 
10, volume step = 2, and sample number = 1. In the prior 
art USPN 6,535,611 Lau, if one wanted to reach a destina- 
tion volume of 20, then it would the device would pass 5 
samples; if one wanted to reach 30, then it would pass 10 
samples; and if one wanted to reach 50, then it would 
pass 20 samples. The volume is always changed by a vol- 
ume step of 2 with each pass of a sample. Thus, there is 
no control over time. 

[0035] However, with the present invention, the user is allowed 
to select the number of samples to be passed, so if the 
user selects 5, then all volume changes will be done in 5 
passed samples. For the first case, reaching a destination 
volume of 20, the volume step would be 2 since the vol- 
ume difference 10 divided by the sample number 5 is 
equal to 2. In the second case, reaching a destination vol- 
ume of 30, the volume step would be 4 since the volume 



difference 20 divided by the sample number 5 is equal to 
4. In the third case, reaching a destination volume of 40, 
the volume step would be 8 since the volume difference 
40 divided by the sample number 5 is equal to 8. Please 
remember that passing samples is only the preferred em- 
bodiment. In reality any kind of time.determining value 
can be used e.g. time. 
[0036] Also remember that the same volume difference from dif- 
ferent source materials can be accomplished in the same 
time period; something that the prior art USPN 6,535,611 
Lau cannot do. For example, imagine that a volume 
change of 10 needs to be done. Using the settings of cur- 
rent volume = 10, volume step = 2, and sample number = 
63 for the prior art, it would take 315 samples to reach 
the destination volume. Passing 315 samples on a DVD 
takes a shorter amount of time that passing 315 samples 
on a CD. 

[0037] n ow the present invention can employ a second memory 
for each source material i.e. one for DVD and one for CD 
and select the appropriate sample number. For example, 
assume a user wants to have all volume changes, regard- 
less of source material, to be accomplished in the time it 
takes to pass 315 CD samples. The user can input this 



into the device. The DSP in turn stores a value of 315 into 
the second memory designated for the CD sample num- 
ber. The DSP can then convert the CD sample value of 315 
into a DVD sample value of 320 and store the DVD value 
into the other second memory. In this way, the volume 
change for a CD takes the same amount of time as a vol- 
ume change for a DVD. 
[0038] | n contrast to the prior art, the present invention can ac- 
complish any volume change with minimal noise in the 
same amount of timeby varying the size of the volume 
step so that the user can experience predictable equip- 
ment behavior. 

[0039] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, that above disclosure should be construed as lim- 
ited only by the metes and bounds of the appended 
claims. 



